Comprehensive analysis of a moderate 600-nT substorm was performed with using simultaneous optical observations inside the auroral oval and in the polar cap, combined with data from satellites, radars, and ground magnetometers. The onset took place near the poleward boundary of the auroral oval that is not typical for classical substorms. The substorm onset was preceded by two negative excursions of the IMF Bz component with 15-min 10 interval between them, two enhancements of the antisunward convection in the polar cap with the same repetition period, and 15-minute oscillations in geomagnetic H-component in the auroral zone. The distribution of the pulsation intensity along meridian has two local maxima -at equatorial and poleward boundaries of the auroral oval where pulsations occurred in the out-of-phase mode resembling the field-line resonance. At initial stage, the auroral breakup developed as auroral torch stretching and expanding poleward along the meridian. Some later it took a form of the 15 large-scale coiling structure that also distinguishes the considered substorm from classical one. Magnetic, radar and AMPERE satellite data show that before the collapse the coiling structure was located between two field-aligned currents: downward at poleward boundary of structure and upward at equatorial boundary. The set of GEOTAIL satellite and ground data fits to the near-tail current disruption scenario of the substorm onset. We suggest that the 15min oscillations might play a role in the substorm initiation. 20 1 Introduction
Introduction, the time lag between convection response and substorm onset might be about 30 min. In such a case, one should look for related convection feature a half hour before T 0 , i.e. around 17:00 UT. Probably such a feature is the enhancement of the plasma flow in polar cap started at 17:04 UT, reached maximum at 17:08-17:10 UT (diagram d in Fig.4 ) and lasted until T 0 . One more flow enhancement took place at 16:52 UT, i.e. 15 minutes before the first one (diagram b in Fig. 4 ). We suggest that the time lag and the close repetition period (~15 min) indicate a relationship of 185 the flow enhancements and the magnetic and optical pre-breakup events.
The first flow enhancement was observed near noon at 78°-85° GLAT (diagram b in Fig. 4 ). This location corresponds to the ionospheric projection of the mantle (Newell and Meng, 1992) . So that, the increase of antisunward convection might be caused by the enhancement of the dayside reconnection under negative IMF Bz. https://doi. org/10.5194/angeo-2019-118 Preprint. Discussion started: 25 September 2019 c Author(s) 2019. CC BY 4.0 License. (Fig.4f ). In Fig.5 we present altitude profiles of the electron density and ion temperature over Spitsbergen measured by ESR, where time T 0 is indicated by a white arrow. The increase of F-region electron density at about T 0 looks like a signature of the polar patch associated with the reconnected flux tubes drifting across the polar cap from the cusp to the magnetotail (e.g. Lockwood and Carlson, 1992) . Appearance of the polar patch corresponds to the equatorward shift of westward electojet (Fig.2b) . No auroras were found in the BAB optical data to be associated with this pre-onset patch.
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Pre-onset phenomena in the interplanetary space
Positions of the satellites measuring interplanetary parameters (THB, THC and WIND) are shown in Fig.6a . The satellites coordinates and the bow shock and magnetopause locations were obtained via the Interactive visualization of satellite orbits tool (4-D Orbit Viewer) available from CDAWEB system. From the THEMIS satellite data we have obtained about 650 km/s propagation velocity of the IMF features indicated by shadow in Fig.6b . This corresponds to 200 the solar wind speed measured at the WIND satellite. Assuming the nose of the bow shock at 14 R E , we get the propagation time from THC to the bow shock about 6 minutes. The propagation time through the magnetosheath can be estimated as 14 min (Samsonov et al., 2017) . Thus, the southward turning of IMF Bz could reach the magnetopause 20 min after registration onboard THC, and the ionospheric convection is expected to respond in ~ 20 min after that (Hairson and Heelis, 1995) .
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Shadow areas in Fig.6b indicate the IMF Bz feature which shape and time well correspond to the features of ionospheric convection discussed above. Indeed, there are two southward IMF deflections through 15 minutes, and the first deflection was detected at THC 40 minutes before the first flow enhancement in the polar cap (diagram b in Fig. 4 ).
At the moments 16:15 UT and 16:30 UT when Bz at THB reached its maximal (negative) values, the IMF By component was near zero. This was favourable for reconnection at the subsolar magnetopause. Importantly, the solar 210 wind dynamic pressure does not show essential variations during the interval (top panel in Fig.6b ). We use this fact in section 4.2 to exclude the influence of solar wind on the magnetic field variations near equator.
Features of the polar substorm onset
Auroral breakup
As was mentioned in Section 3.1, the auroral breakup started at about T 0 as the brightening and poleward displacement 215 of the most equatorial auroral arc located slightly poleward of the northern coast of Scandinavia. The arc was too far away from zenith of SOD for correct mapping. In the lack of optical observations between SOD and BAB, we can only suppose that the arc was between the westward and eastward electrojets and moved poleward together with them.
Presumable location of the arc is shown by black rectangle in Fig.2b . Thus, for the first few minutes the auroral activity developed according to the traditional scenario.
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Auroral situation has changed at ~ 17:38 UT when amplitude of the negative H-component variation at BJN reached a maximum and a more rapid decrease of the H-component at LYR began (moment T 1 in Fig.2a ). Keograms in Fig.2c show that after this moment the auroras within the field of view of BAB and SOD cameras moved in opposite directions. The auroras seen in SOD expanded almost 600 km equatorward, while the auroras observed in BAB shifted about 1000 km poleward. So that, by 17:42:37 UT the auroral configuration resembled the double-oval structure of To summarize, the downward field-aligned current was detected at the poleward side of coiling structure and there was an upward field-aligned current equatorward of it. 
Signatures of disruption of dawn-to-dusk plasma sheet current
During the event, the GEOTAIL satellite was in the near equatorial magnetotail at 16 R E and ~ 18 LT (Fig.6a ). The satellite footprint was calculated using the 4-D Orbit Viewer (see section 3.3). With taking into account the results of (Safargaleev and Safargaleeva, 2018) on the accuracy of distant satellite mapping, the latitude of GEOTAIL footprint was estimated at 75 ± 3° N. The footprint is shown in Fig.7b effect was not seen on the dayside (e.g. at station San Juan, SJG, 18.1°N, 293.8°E in Fig.8b) , which indicates the current disruption in the magnetotail (on the night side only).
The spectrogram from GEOTAIL ( Fig. 8a top panel) shows that at 17:55 UT flux and energy of protons start to increase. This was accompanied by the Bx reduction and Bz increase that indicates dipolarization of magnetic field at the GEOTAIL location. Five minutes later the increase of the flux stopped. Figure 2a shows a secondary weaker onset 275 at BJN at this moment, whereas at the higher latitudes (LYR) the recovery phase started. This is different from the case described by Baker et al. (1996) who observed that the recovery phase started in auroral zone and a new negative bay started at higher latitudes (i.e., on opposite to our case). Assuming that the reappearance of the energetic ions in Fig.8a indicates rapid plasma sheet thickening (Baker et al., 1996) , one can suppose that the dipolarization and second onset/intensification were due to the neutral line formation. 
Summary of pre-breakup observations
We identify the substorm onset time, T 0 , as beginning of the negative bay at the high latitude station BJN. As well, at this time the intensification and poleward displacement of the westward electrojet began (Fig.2b) Thus, the role of nearly 15-min oscillations is not limited only to substorms but may be attributed to wider range of magnetospheric processes.
First, the 15-min periodicity as two negative excursions was detected in the variations of IMF Bz (Fig.6b ). Then, there were two consecutive enhancements of the antisunward plasma flow in the polar cap (Fig. 4) . The time delay between the flow enhancements and the IMF Bz variations suggests that the former was a consequence of the latter. A similar 365 repetition period was found in the two negative bays of about 80 nT in H-component and the accompanying aurora intensifications (arc 1 and arc 2) inside the auroral zone (Fig.2a) . The bays followed the plasma flow enhancements, and time delay indicated their relation to the IMF Bz variations.
The second feature was found in the latitudinal distribution of the intensity of 15-min geomagnetic pulsations. Figure 9a demonstrates a "wave portrait" of the polar substorm onset in the frequency band 0.8 ÷1.7 mHz (period ∆T = 15 ± 5 370 min) for some IMAGE stations. Two maxima at SOD and at Hopen Island, HOP (GLAT =72.85°N) are seen in the latitudinal distribution of pulsation amplitude in Fig.9b , where gray area shows position of the auroral oval 20 min before the onset, as it was estimated in section 3.1. The both maxima were at ~ 17:34 UT. By this time, the expanding auroras as well as the westward electrojet might shift noticeably to the north (gray arrows in Fig.2b) , so that poleward boundary of the auroral oval occurred closer to HOP than to BJN, comparing maxima in the vicinity of equatorial and poleward boundaries of the auroral oval where the oscillations occur in out-ofphase mode. We consider these out-of-phase oscillations as, at least, a reason for the auroral arc intensification via the pseudo filed-line resonance excitation.
The set of satellite and ground data fits to the near-tail current disruption scenario of polar substorm. However, the data set does not allow us to specify a reason for the disruption. We suppose that this might happen due to pseudo FLR. The 420 role of typical FLR event (i.e. out-of-phase variations at two "neighboring" L-shells) in the substorm initiation was discussed in many papers (e.g. Samson et al., 1992; Rae et al., 2014 and references therein) . The question whether the out-of-phase variations at inner and outer boundaries of the plasma sheet can be launched from outside and lead to the same effects as the FLR is the subject for a separate theoretical investigation that is beyond the scope of this study. One more possible reason for substorm triggering might be the interchange [Roux et al., 1991] or ballooning (Golovchanskaya et al., 2015; Keiling et al., 2012) instabilities which signature in the form of series of bright patches along the auroral arc we observed just before the breakup.
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Finally, the fourth stage of polar substorm development, i.e. second onset or "intensification", is associated with the magnetotail reconnection.
Conclusion
430
We present the comprehensive description of the moderate "polar" substorm (the term was suggested by Kleymenova et al., 2012) focusing on the multi-instrumental study of pre-onset events in the solar wind, ionosphere and on the ground.
The onset took place at pre-midnight near the poleward boundary of the auroral oval that is not typical for classical substorms. We have shown that the auroral breakup developed between two field-aligned currents with downward current poleward the breaking auroras and upward current south of them. This morphological feature distinguishes the 435 polar substorm from classical ones. The onset was accompanied by disruption of the dawn-to-dusk current in the plasma sheet around (X, Y) ~ (-16, 16 ) R E and the current wedge formation. We conclude this from data of the GEOTAIL satellite magnetically conjugated with the area of ground observations, enhancement of the westward electrojet and the large positive variation in Hcomponent at low latitudes. We think that the onset might be initiated by the out-of-phase oscillations in the same way 450 as field-line resonance does (e.g. Rae et al., 2014) . One more possible reason for the substorm triggering might be the interchange or ballooning instabilities. External excitation of the out-of-phase oscillations is regarded as the reason for the auroral arc brightening prior and just after onset. 
